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sth)i]¤yy]R2­
¸Å  àÉ3$2Æ  ﬁ É< Li àÉﬀ6Å  ﬂﬁ 
ﬁ
S1
.0
S2
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syn
 5(>5 )35
  
{(e1, e2)/sp| e1 ∈ E
1 ∪ {−} ∧ e2 ∈ E
2 ∪ {−} ∧ sp ∈ SPV1∪V2}
*
   ¢¨pr{"4hR§jZ4]µh]j
syn
pxxjlrs¥Jhﬃjlw44qt]Rhp~¦!qv~oO]mqvh
(e1, e2)
¢*s£jlZË¦X]Lrhs¥o4stqts£jkfËprJis£jls¥pxyh
sp
hllZy]Riw4qts¥yjZ4]+oO]RZyLgstprw4{"hp~¦¨px\^Opr4]RxjlhR­ /¡str]m jlZ4]+¢*Z4prqt]+hnfihnj]R\
(S1, S2, syn)
§CjZ4]+{l]R~{¯
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(S1, S2, syn)
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S1×syn S
2 "  5  	/
   ﬀ0ﬂﬃ
 (Q,Q0, E, T, V, l)
 	)
ﬁ 

1
Q ⊆ Q1 ×Q2
"
1
Q0 ⊆ Q
1
0 ×Q
2
0
"
1
E = {(e1, e2) | (e1, e2)/sp ∈ syn}
"
1
V = V 1 ∪ V 2
"
1
l((q1, q2)) = l
1(q1) ∪ l
2(q2)
"
1
T ⊆ Q× E ×Q
 5" 3.0
3 

*
	
(q1, q2)
(e1,−)
−→ (q′1, q2) ∈ T
 
(e1,−)/sp ∈ syn
"
q1
e1→ q′1 ∈ T
1 .0 (q1, q2) |= sp
"

*	
(q1, q2)
(−,e2)
−→ (q1, q
′
2) ∈ T
 
(−, e2)/sp ∈ syn
"
q2
e2→ q′2 ∈ T
2 .0 (q1, q2) |= sp
"*.

*	
(q1, q2)
(e1,e2)
−→ (q′1, q
′
2) ∈ T
 
(e1, e2)/sp ∈ syn
"
q1
e1→ q′1 ∈ T
1 " q2
e2→ q′2 ∈ T
2 
(q1, q2) |= sp
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pr{)hs¥4xqt]¬jl{lryhns¥jls¥pxp~¦9px4]px\+Opx4]mMjR­
?)p~jlstm]0jlZyFjbjlZ4]m{l]+svhb
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φ1

φ2
3
 5 ﬁ
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LTL
ﬀ 4ﬀ/
2 
5ﬃ* ) 
S1 |= φ1

S2 |= φ2
 	)
ﬁ
(S1, S2, syn) |= φ1 ∧ φ2
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G4pr{Âpxw4{Â{w44ys¥4³]«4~\^4qt]r§ G9sty­¨·4{l]Rhn]Rxj"h^jZ4]¼px\^Opr4]Rxjlh
ArmA
§
ClipA
~y
ElevA
§
jlZ4]hfgy"Z4{px4svh~jstpr hn]mj
synA
§O~y¸jlZ4]0pr\^4wijl]R]mxjls¥{l]hfghnjl]m\
ControlA = (ArmA, ClipA,
ElevA, synA)
­
ﬃ  !#ﬃ #$ ﬃ   (  

*

ã ArmA
 
   	
  


+
 ClipA
    
   
 

	 
 	

ä  ElevA
(−, O,−)/(ar = back ∧ el = up)
∨(ar = front ∧ el = down) 
(−, C,−)/(ar = front ∧ el = up)
∨(ar = back ∧ el = down) 
(F,−,−)/(cl = open ∧ el = up)
∨(cl = close ∧ el = down) 
(B,−,−)/(cl = close ∧ el = up)
∨(cl = open ∧ el = down) 
(−,−, U1)/cl = close ∧ ar = back 
(−,−, U2)/cl = close ∧ ar = back 
(−,−, D1)/cl = close ∧ ar = back 
(−,−, D2)/cl = close ∧ ar = back 
(F, O,−)/el = up 
(B, C,−)/el = down 
(B, C, U1)/true

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Ý  ControlA
G9strw4{l]b)I
(ArmA, ClipA, ElevA, synA)
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(S1, S2, syn)
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[S1]
 
ﬁ52ﬀ/9
S1
 5" 
%$&
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[S1]
( )*
= S1 ×[syn]S1 S
2
 	)
ﬁ 

[syn]S1
( )*
= {(e1, e2)/sp | ((e1, e2)/sp) ∈ syn ∧ e1 ∈ E
1 ∧ e2 ∈ E
2 ∪ {−}}
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V 1 ∪ V 2
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G9strw4{l] I
[ElevA]
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(S1, S2, syn) = S1 ×syn S
2 = [S1] ‖ [S2]
Gstrwy{]¨¨rstr]RhCjZ4]|]m«gJ~yi]L¡mpr\^Opry]mxj
[EleveA]
pr\^4wijl]R¡¦X{px\
(ArmA, ClipA, ElevA, synA)
­
Yp+s¥qtqtwyhnj{"Fj]¡zÃ{pxO]m{j¿fg§gjlZ4]bp~jlZ4]m{]m«iy~yi]Lpx\^Opr4]mMjlh
[ArmA]
~J
[ClipA]
mroO]bo4wys¥q¥jR§
ry¢¨]bZJLr]¡jZy]¢*Z4prqt]hnfihnj]R\
[ArmA] ‖ [ClipA] ‖ [ElevA]
¢*s£jlZ4prwij)o4wys¥qvist4ﬃs£jL­
/]ﬃhZ4pF¢4pF¢jZy~jbjZ4]ﬃmpryhnj{"~stxjhfMJlZ4{lpr4svh]R 4{lpiiwyjh]m\ﬃ~xjlsvmh¡\ﬃ~°r]Lh¡s£jOpMhhsto4q¥]0jp
mpr\^Opxhs£jls¥pxy~qtqtf¸r]m{ls£¦Xf jZ4]^hnj{lsvºjb{]¤J4]m\^]mMjb{]Rqt~jstpr 24prjl~oyq¥fx§CoMf {]Lhnpxq¥gst4ﬃjlZ4]+stxj]R{qt]Rgs¥y
pr¦
τ
¯½j{"~Jhns¥jstpryhry{l]Riwyms¥y^4]Rriqtpi"°ih©\^pr{l]¡] ﬀÂms¥]Rxjqtfx­
À®]j
(SA1, SA2, synA)
ry
(SR1, SR2, synR)
oO]*j¿¢¨ppr\^Opx4]mxj¯½oJrh]R+hnfihnj]R\^hR­9YZy]*qvr"°
pr¦
τ
¯¿fiqt]Rhs¥¸jZ4]¢*Z4pxq¥]mpr\^Opr4]Rxj¯½oyxhn]Lhfihkjl]m\&m~¸oO]!i]m{ls¥r]LÂ¦X{lpr\¾s£j"hqtpimrq2"Z4]R"°gs¥y0¦Xpx{
]Lr"Z¸mpr\^Opr4]Rxj)h]myr{l~j]Rq¥fx­
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¬ divτ (SR1, SA1), ¬ divτ (SR2, SA2)
¬ divτ ((SR1, SR2, synR), (SA
1, SA2, synA))
YZ4]!i]Rxiqtpil°{]Liwyºjls¥px mr¸oO]!4pr4]\^pr{l]b] ﬀÂst]mMjqtfÂjlpgpy­
 
xjlw4s¥jstr]mqtfr§Jﬃhkj"Fjl]bstyiwJst4Â
4]R¢ i]Lriqtpi"°+st¸~]«iyryi]Lpr\^Opx4]mMjipg]Lh¨4p~js¥Jiwy]b04]Rr4q¥pi"°^s¥jZy]¡¢*Z4prqt]¡hfghnjl]m\,s£¦
jlZ4]m{l]¡]m«isthnjlh*~]m«iy~y4]Rmpr\^Opr4]Rxj*¢*Z4]m{l]¬jlZ4sth)hkj"Fjl]¡svh4p~j)+4]Rr4q¥pi"°ÂhnjlFjl]r­|YZ4]lZ4]Ll°gst4
pr¦¨¢*Z4]jlZ4]m{! hkj"Fjl]+svhbs¥@~/]m«gJ~yi]L/px\^Opr4]Rxj!hkj"Fj]ﬃhyrm]^m~µoJ]Âipr4]^oMf/hkjlwyifgs¥yjlZ4]
hfgylZy{px4sthlFjls¥px¼hn]mjR­^_gw44OpMhn]
[SR1] vD1ρ [SA
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¬ divτ (SR1, SA1), [SR1] vD1ρ [SA
1], RD1 = ∅,
¬ divτ (SR2, SA2), [SR2] vD2ρ [SA
2], RD2 = ∅
(SR1, SR2, synR) vη (SA
1, SA2, synA)
z|{pip~¦)svh0s¥´)4O]Ryis¥«²!­òi­@YZ4]mpx{]R\ :/mr³oO]xs¥x]m@¦Xpx{
n
px\+Opx4]mMjlhR­
 
j+y{pFgsti]Lh0
mpr\^Opxhs£jls¥pxy~q2{l]¤yy]m\^]mxjr]R{s¥¤Jm~jstpr ~qtrpx{s¥jZy\ oyrh]R¸pr¸jlZ4]px\+ywijl~jstpr®§4¦Xpr{)]RxlZ {l]¤y4]L
]m«gJ~yi]L px\^Opr4]Rxj
[SRi]
h]myr{l~j]Rq¥fx§)pr¦!jlZ4]µ{l]mqvFjls¥px
ρ
­¾YZ4]@pr\^4qt]«is¥j¿fËpx{l4]m{¸p~¦!jlZ4svh
{l]¤y4]R\^]mxjbr]m{ls¥¤JmFjlstpr¼~qtrpr{ls¥jZ4\#svh
O(
∑n
i=1 |[SR
i]|)
­ @)pF¢¨]mr]R{R§OjZ4]+r{l]R~j]Lhkj¬\^]m\^pr{lfhnyx]
wyh]R±sth
maxni=1|[SR
i]|
§©Fjﬃ\+pMhkj IjZ4] ]m«iy~yi]L±px\^Jpx4]mMj^o4w4stqvis¥yy§ÃjZy] ¢¨]Rr°@{]m¤y4]m\^]Rxj
r]R{s¥¤Jm~jstpr¸~JjZ4]!i]Lriqtpi"°ﬃ{l]R4wyºjls¥px¸R~¸oO]!ipr4]!hn]Luxwy]mxjlstrq¥qtfx­
 
-
!¸ﬁ=5!
 
³~{l]Rxh¡qtst°r]^jl]mqt]Rpx\+\wy4stRFjls¥px·pr{!\ﬃ~Mw4¦Xxºjlw4{st4J§9pr\^4qt]«·hfghnj]R\ﬃh\^f/oO]Â4]m{str]L¼¦X{lpr\
st4s¥jsv~qy\^pi4]mqvhHogf^pr\^Opxhs¥jstprﬃ~y^{l]¤y4]R\^]mxjL­
D
px\^Opxhs£jls¥px^mpr\o4st4]RhÃh]mJ~{"Fj]*y~{jlhÃ~y^{l]¯
¤y4]R\^]mxj"hHr44]R¢²i]mjlrs¥qvh¦Xpr{Hhfghnj]R\ﬃFjsvmrq¥qtfi]R{stgs¥4bpr\^Opry]mxj¯½oJrh]R!hfihnj]m\ﬃh9¢*Z4]m{l]©hlF¦X]mj¿f
4{lprO]R{njls¥]Lh~{l]¡4{l]Rh]m{lr]R2­G4w4{jZ4]R{\^px{]x§MjZy]hnj"Fj]b]m«i4q¥pMhnstpr¸R~¸oO]!~qtq¥]RMsvFjl]Rogfpxyhnsvi]R{st4
jlZ4]!pr\^Opx4]mMjlhpry]boMfpry]r­

w4{^px\+OpMhns¥jstprJ~qÃ¦X{"~\^]m¢¨px{°·sth+¢¨]Rq¥q¥¯¶x4~4j]R@¦Xpr{ﬃhkjlwyifgst4µmpr\^Opr4]Rxjlh+s¥Jhkjl]Rr²p~¦)jlZ4]
¢*Z4pxq¥]Ãhfghnj]R\ ­
 
yi]m]L2§LjZ4]Ã¢¨]Rr°{l]¤yy]m\^]mMj6r]m{ls¥¤JmFjlstpr¡pr¦MjlZ4]¨pr\^Opxhs¥jstprbp~¦gjZ4]Ã\^piiw4qt]Rh6R~
oO]©{]R4wy]LbjlpjZ4]©¢¨]L~°b{l]¤y4]R\+]Rxj"hp~¦ys¥jlh9\^piiw4qt]RhR­ G4w4{jZ4]R{\^px{]x§RjlZ4]prJhkjl{lrs¥Mj9hnfgy"Z4{lpr4svh]R
4{lpiiwyjrirp4mFjl]R¡s¥jZ4svh6yrJ]R{~qtq¥pF¢)h2wyh®jp)]Lhkj"~o4qtsvhnZbjZ4]¨hnj{lstj6{l]¤y4]R\+]Rxjp~¦gjlZ4]¨pr\^Opry]mxj¯
oyxhn]Lhfihkjl]m\ﬃhoMf"Z4]R"°gs¥4+jlZ4]¢¨]Rr°Â{]m¤y4]m\^]Rxjlh*p~¦9s¥jlh*]«iyryi]Lmpr\^Opr4]Rxj"hMst]m¢©]R¸rh©jlZ4]
\^piiw4qt]RhR­
Gstyrq¥qtfr§Jpxw4{¬px\+OpMhns¥jls¥pxy~q2¦X{"~\^]m¢¨px{°rstr]Rh)¢©Lfih*jpOpxhnjOpx4]jZ4]\^pii]Rq£¯¿lZy]R"°Mst4ﬃoyq¥pF¢¯
w4®­|jwyrq¥qtfx§ghlF¦X]jkf
LTL
y{pxO]m{njkf+sth¬L»|4{]Lhn]R{r]L0¦X{lpr\,~royhkjl{"rºj©pr\^Opx4]mxj¨jp0!¢*Zyprqt]
royhkjl{lxºj+pr\^Opx4]mMjn¯¶oyrh]R@hfihkjl]m\ §|~J²r»!4{l]Rh]m{lr]Rµ¦X{lpr\jlZyFj^hfihkjl]m\jpµ¼¢*Z4prqt]{l]¤y4]L
mpr\^Opr4]Rxjn¯¶oyxhn]L hfihkjl]m\ E=hn]R]GstJ­R»­¬YZ4]0wyhn]m¦Xw4qt4]Rhlhpr¦Hpxw4{¬r44{lpxxlZ svhstq¥qtwyhnj{"Fjl]R ogf prw4{
4{l]mgstprwyh{]Lhnw4q¥jlh tR4§®r ~J¸pr4¤y{\^]LogfÂjZ4]]«iO]R{st\^]mxj"~q2{l]Rhw4q¥jlh t
 
¶­
G4wijlw4{]b¢¨pr{l°ﬃpxy]R{yh¨{l]Rxºjstr]¡hnfihnj]R\^hR­ /]~{l]xprst4jp+s¥gr]Rhnjstx~j]¬¢*Zy~j\+p4i]mqCpr¦6pxO]m
hfihkjl]m\ﬃhR~!oO]¨wyh]Rjlppxoijlrs¥0qtpxh]R!hfihkjl]m\ \^pii]RqMoMfx4ist4¬r!]mggs¥{lpr4\^]Rxj9hO]Rms£¤JRFjls¥px®­
©j*jZJFjhkj"~x]r§4hnst\w4qvFjstpr¸{l]mqvFjls¥pxyhhZ4prw4qvoO]]Rhnjl~oyq¥svhnZy]R¸~M~st®­
Å
'=i
Å
Ê
ÈÉ
.®65
YZ4]	855  '-
1 ). 

¸y~{"r4s¥x\ Eàh]m]¦Xpr{+styhnjlry]ﬁ 4§Ãg§R X»svh^¼¢¨]mqtq£¯
hnjwy4s¥]L¦X{"~\^]m¢¨px{°^¦Xpx{)pr\^Opxhs¥jstpryrqOx]m{s¥¤JRFjstpx®­YZ4]!rhlhnw4\^]m¯½xwy~{l~xjl]m]¬J~{"ristr\,{l]RuMw4st{]Lh
ÑÑ&Ú.N)OPQP
  
ﬂ   
	 0. 
ﬁ  )  
jlZ4]+ZgfgOp~jZy]Rh]Rh¡pr¼jZ4]ﬃpx\+Opx4]mMjb]mMgst{lpr4\^]mMjbhnjl{px4]R4prw4xZ jlp¸s¥\^4qtf¼~gfOp~jl]mxjlstrqHpxi¯
hnj{"~stxjL­*YZ4]!¢Lfpxwijsvh*jlZ4] ﬂﬃ ﬁ 4.' ﬀ)85% .@r44{lpxxlZ¸ogf_gZyr4°F~{ ¥F 9¢*Z4st"Z ¢¨pr{l°ih)Fj)jlZ4]
qt]mr]Rq2p~¦jlZ4]!hO]Rs¥¤Jm~jstpr¸p~¦px\^Opr4]Rxj*oO]RZyLgstprw4{)~y¸isvhllZyr{x]Rh©4{pip~¦proyq¥stx~jstpryh©qv.BRs¥qtfr­
  prw4{©r44{lpxxlZ®§rjlZ4]¡mpr\^Opr4]Rxj©]mggs¥{lpr4\^]Rxj¨svhÃj"~°r]ms¥Mjp+xmpxw4xj©oMfﬃs¥ym{]Lrhs¥ympr\+¯
Opx4]mxjb\^pi4]mq9jp ~w4jpr\ﬃ~jsvmrq¥qtf o4w4s¥qv/r¼]m«gJ~yi]L¼px\^Opr4]RxjR­À®st°r]0jZ4]^qt Bmfmpr\^Opxhs¥jstpr®§
jlZ4]*prJhkjl{lrs¥MjhfgylZy{px4sth]R!4{lpiiwyjH~qtqtp¢)h9wyhjlp¡4{lpim]m]R!jZ4{lprw4xZ0¬{l]¤yy]m\^]mxj¯½oJrh]RhO]Rms£¤y¯
RFjstprry0mpr\^Opry]mxj¯½oJrh]Rﬃr]R{s¥¤Jm~jstprr44{lpxr"Z4]Lhm­9YZ4]bhnj{lstj©{l]¤J4]m\^]mMj{]Rqt~jstprÂoO]Rs¥y
04s¥r]R{x]my]m¯¶h]mJhns¥jstr]mpr\^4qt]j]L
τ
¯¿hnst\w4qvFjls¥px®§M¢©]¡rxjsvsty~j]¬jZy~js£jsvh©\^pr{l]]m«gy{]Lhhs¥r])jlZy~
jlZ4]!qtpxh]Rhfihkjl]m\ﬃh{l]¤y4]R\^]mxj)ogf_iZy~4°~~{L­
$#	*F	9	*
	
	*5
t ¡­rqtJ]R{Â~J-G©­ ¡­M_i"Z44]Rsti]R{R­C*]Lprx4sCBmst4hlF¦X]jkf+~y^q¥str]my]RhhR­" 5% 3  
7,&.' ﬀ  %~§
 ItrF OLF4§CRxŁMg­
ò !­q¥wy{^~y²Yb­ ­M@)]R/Bmst4x]m{L­/*]Lrjstr]\^piiw4qt]RhR­ .'-.ﬂ	 
 	) 85> 6859
ﬁ'
 
ﬁ5  

 6F§®L/EnL»ﬁIò
 
Ł4§xw4qtf Lrry­
 :!!­{4pxqt®­	685'(
5K
>% ./5% ./5 $& 5
ﬁF5'-.)2 )
 K
ﬁ5 ﬀ0  
55  54.''    5º­
D
prqtqt]Rºjls¥px !Hjlwyi]Lh*]mj))]RlZy]m{"lZ4]Lh]m
 
4¦Xpr{l\^~jsvuMw4]RhR­4a rhlhnpx®§gzH~{lsthR§2Rxxi­

 
!!­J{4pxqt ry a@­?)stFFjL­
D
pr\^Opr{j]R\^]mxj"h*i]!4{lpi]LhhwyhR­
 
  9
5"A,.ﬂﬂﬃ  )
ﬀ ,  
1  
ﬁ5  	'-.% )
5K
"ﬂﬁﬀ ) ﬁ'(2 )
m§yJ~r]Lh :x gxŁi§CRxŁxi­
ò  G©­©]Rq¥qt]mM~{"i]r§ﬂJ­xw4qtq¥sv~y®§Ãry

­ﬃprwJlZ4J~{l]m4°rpy­³*]RxifM¯¶hs¥\wyqt~jstpr³svh+yp~j^{l]Rxifµjp
]«i4{l]Rhlh9¬\+p4iw4qv~{9{l]¤yy]m\^]mMj{l]mqvFjls¥px®­
 
 0K'(
ﬁ.ﬂ F52ﬀ)
  5   6  2  
   
4


H6  ﬀ !"!#F§yrprqtw4\^]^~Ł :pr¦ %$7, 6J§4y~r]Lh*rr 4~Ł.:4­4_g4{ls¥4x]m{ LH]m{lqtry§i4{ls¥q~xry­
  !)­Ja@­
D
qtr{°r]x§

­%/¡{lw4\oO]R{J§iry ­J!­4z]mqt]R2­   
ﬂ*, 	/
  .r­ÃYZy]a
 
YUz|{]LhhR§y~xry­
 y­ ¯¿a@­
D
proyq¥]Rs¥xZ®§ 0­ /¡sv~yy~°rpxOprw4qtprw®§x~y
D
­xzHrhl~{l]R~gw®­OÀ6]R~{l4st4!rhlhw4\+4jstpryhH¦Xpr{¨mpr\+¯
Opxhs£jlstpryrqir]m{ls£¤OmFjls¥px®­
 
'&. 	4)
0.% .0.ﬂ ,& ﬁ
 
 
H. ) ﬂ 5H0  ﬂ   	 '5 ﬁ.# 	)

,&)52 % .  ﬂ 85 5> (60859
ﬁ'5

 , F6(ﬀ ! )§Hrpxq¥wy\+]r4L¸p~¦ *$(, 6J§ µr{lhl¢§
z9pxqtry2§y)4{lstq6rr :y­i_i4{st4x]m{n¯LH]R{qv~y­
 Ł
D
­ ¬r{qtp~jL§+J­rw4qtqtstry2§Cry

­+ﬃ¬prwy"Z4y~{l]my°rpy­)*]m¤y4]m\^]Rxjb4{]Lhn]R{r]Lh*z¨ÀiY*À³y{pxO]m{jst]RhR­
 
 0­©]R{njL§J­gz­,¨pF¢¨]R®§4_C­
D
­ﬃbst4y§irya@­·~qvi]R®§i]Ris¥jlpr{"hm§, .'-.ﬂ 6.ﬀ)
  $ 2  
 
)&
ﬁﬂC4ﬀ0'(
)M.- .0/

-/ﬀ !0! )§irprqtw4\^]~Mip~¦ *$(, 6J§xYw4{l°Mw6§KG9s¥yqtry2§1xw44]¬~x :4­
_g4{ls¥yr]m{ LH]m{lqv~y­
 

­2ﬃ¬prwy"Z4yr{]R4°rp~J/!­6À6r4prs¥«2­
ﬂﬃ ! #
I{]m¤y4]m\^]Rxj!~J~qtfghsvhjpiprq9¦Xpx{hfMJlZ4{lpr4sCBm]L
px\+Opx4]mMjn¯¶oyrh]Rhfihkjl]m\ﬃhm­
 
 ) .ﬂ& 	  3ﬁ2 '$9
5#"3 ﬁ'-.ﬂ% 
 	/ 5

4ﬀ ! 5F­
tR

­6ﬃprwJlZ4yr{]R4°rp ryd!­À6~yprs¥«C­ *]¤yy]m\^]mxjªry r]m{ls£¤JRFjls¥px p~¦±hfMJlZ4{lpr4sCBm]L
px\+Opx4]mMjn¯¶oyrh]Rµhfihkjl]m\ﬃhR­
 
7ﬃ^­){"~°gs½§_C­/¡4]Lhns½§~y@a ~y4{stprqts ­t§9]Lis¥jpr{"hR§ '(ﬂ
ÍìÖ9Ñ®Íìë
 	
 ﬁﬀﬂﬃ "!#
%$&
ﬁ'(
)*+-,&.' ﬀ/.0
)21+345
476859
ﬁ'5 L
 
ﬁ 	/ 85

ﬂ ﬀ ! 5F§2rprqtw4\^]0~Łxx0pr¦ %$7, 6J§Jy~x]Rh#:
 
  :x~Ł4§4z|svhy§   jlrq¥fx§C_g]m4j]m\oO]R{b~x :4­
_g4{ls¥yr]m{ LH]m{lqv~y­
tr 

­	ﬃpxwy"Z4y~{l]m4°rp@ryË­©À6r4prs¥«2­ LH]m{ls£¦Xfgst4³stMFr{sv~Mjlhﬃpr¦!px\+Opx4]mMjn¯¶oyrh]Rﬁhfihkjl]m\ﬃh
jZy{pxw4rZ¼{l]¤y4]R\+]RxjL­   
D
­®)Fjj{"Lfx§®_C­®a rZy~{"F}§2~y
D
­®_gZJ~4°gqv~y2§2]Lis¥jpr{"hR§  ﬂ  
 3  
 
ﬁ 	/  ﬂC
.7.0"6  % . 
 )
  	 ﬂﬃ
.

  H6  ﬀ ! 0 §grpxq¥wy\+] :4rL¡pr¦ %$7, 6O§xy~x]RhÃrŁr
:rK:4§4_Mjls¥{lqts¥4J§y_imp~jlqtry2§xw4qtfrr
 
­i_i4{st4x]m{ L|]m{qvry­
tL

­0ﬃbwyi¦X]m{l\ﬃ~ﬃ~yﬃa@­~`+­ L|r{lis½­Oa piiw4qt])"Z4]R"°gs¥yy­   Â)F}k]R]m+)qtw4{¨~J^Yb­ !­K@]m/BRs¥4x]m{L§
]Ris¥jlpr{"hm§    	  	 )
0.% .0ﬂ ,& ﬁ
ﬁ 
 
  ,&'#ﬀ  9
ﬁ    
 )
 $ 2 	, "6§xrprqtw4\^]
rLxi§gy~x]Rh~iŁr4§ ?]m¢ ¨{lw4yh¢*svl°C§/?J§ ﬂ¡_i!§6Rxry­i_g4{lst4r]R{ LH]R{qv~J­
t :

­ﬃbw4i¦X]m{l\ﬃ~Ury a³­©`+­ L|r{lis½­ a piiw4qt]µ"Z4]Ll°gst4±{l]mgsvhns¥j]L2­    &. 	 ))9
02 ﬂ
,&'#ﬀ  9
ﬁ   K
4 )
 $ 2  ,& ﬁ
ﬁ 
 
m§yy~x]Rh :r 
 
g§OLrgg­
t
 
!­xÀ6r4prs¥«2­ 685 ﬁ'(
5

4'#ﬀ/5)%5 5  	 +.) 5ﬁ5  4.)2 3  2 )5

ﬂﬃ &  $ 2  '#ﬀ/1
5% .)0
ﬂﬂC
(   
ﬁ'(
ﬁ 
  
ﬁ5 ﬀ 4ﬀ0ﬁ  5º­)z|Z jlZ4]Rhsvhm§ﬂ4s¥r]R{lhs¥j#i]"Gy{"~y"Z4]¯¿px\!j#r§
_g]m4j]m\oy{]~xxi­
tL9­9a¼~4y¼ry³!­9z|gw4]mqts½­
 	/
 )
' ﬀ/. ﬂ        !#
"%5&
 .0 ,&    
)F6859
ﬁ'5 
6.ﬀ)
  $ 2 /5º­©_g4{st4x]m{ L|]m{lqtry§CLrx4­
tR ﬃ^­ À|­2a Rastq¥qv~®­+¹\^]jlZ4piipxq¥pxrf¸¦Xpx{bZy~{"i¢©r{]0r]m{ls£¤OmFjls¥px¼wyhnst4 mpr\^Opxhs¥jstpryrq9\+p4i]mq¥¯
lZy]R"°Mst4J­ 6  
ﬁ 4
  (,&'#ﬀ  9
      ' '~§0:M I MF  :rr4§irrx4­
t  ?!­6_gZy~y°F~{L­À6 Bmfmpr\^Opxhs£jls¥pxy~q9r]m{ls£¤JRFjls¥px®­
 
 ,

 

6 ﬀ &ﬀ"!#
)&  5
4  
    
ﬁ5  '
 	)
 )
0.% .0ﬂ 6'#ﬀ/85  '  ,&.' ﬀ)85% .ﬂ 2  	/
 6  ) $4.)   6#
 
 
§Ãyrr]Rh

 
 i~
 
§gÀ6pryipx®§ ﬂ ﬃ^§2LrrŁy­i_g4{lst4r]R{n¯LH]m{lqv~4­
tRŁ­ y­J~~ /¡qtro4oO]m]R°C­)YZ4]q¥st4]Rr{)jst\^]¯¶o4{lrylZys¥4ﬃjls¥\^]0hO]Rj{lw4\ EX]m«Mjl]myi]L ~oJhkjl{lxºj"»­
 

,

$(,	!'ﬀ &1!F§yy~x]Rh*MFŁi~MM­4_g4{ls¥yr]m{¯LH]m{lqt~y§CRrx4­
ÑÑ&Ú.N)OPQP
L

ﬂ   
	 0. 
ﬁ  )  
 

^!F5
 
				
 
À6]j
M
798;:
= {(qR, qA) | qR ∈ Q
1
R∪Q
2
R∧qA ∈ Q
1
A∪Q
2
A}
­ /])hZ4pF¢³jZJFj
M
r]R{s¥¤y]RhH~qtq4mpryis¥jstprJh
pr¦i]¤y4s¥jstpx0pr¦
ρ
­
r­F60%   
%$&
ﬁ'(
)/*hnwy4Opxh]
(qR, e, q
′
R) ∈ TR
~J
e ∈ EA
­
µ]\wyhnj¬4{lpr]jZ4]R{]!]m«isthnjlh
qA ∈ QA
~y
q′A ∈ QA
hnwy"Z jlZyFj
(qA, e, q
′
A) ∈ TA
§
qRρqA
ry
q′Rρq
′
A
­
©fi]¤y4s¥jstpr
EA = E
1
A ∪ E
2
A
­Hz|{lpgp~¦i]mO]Ry4h*p~¦
e
­
e ∈ E1A
­ µ]!Zyr]
(qR, e, q
′
R) ∈ T
1
R
­_gsty]
MR1 vD1ρ MA
1 §yjZy]m{l]!]«isthnjlh qA ∈ Q
1
A
ry
q′A ∈ Q
1
A
hwy"ZjlZyFj
qRρqA
§
(qA, e, q
′
A) ∈ T
1
A
~J
q′Rρq
′
A
­
qA
~y
q′A
oO]Rq¥px40jp
QA = Q
1
A ∪Q
2
A
­
e ∈ E2A
­ µ]!Zyr]
(qR, e, q
′
R) ∈ T
2
R
­_gsty]
MR2 vD2ρ MA
2 §yjZy]m{l]!]«isthnjlh qA ∈ Q
2
A
ry
q′A ∈ Q
2
A
hwy"ZjlZyFj
qRρqA
§
(qA, e, q
′
A) ∈ T
2
A
~J
q′Rρq
′
A
­
qA
~y
q′A
oO]Rq¥px40jp
QA = Q
1
A ∪Q
2
A
­
i­F5  %9
ﬁ- 
%$&
ﬁ'(
)/*hw44Opxh]
(qR, τ, q
′
R) ∈ TR
­
µ]\wyhnj)4{pFr]¬jlZ4]m{l]b]«isvhkj"h
qA ∈ QA
hwylZ¸jZy~j
qRρqA
ry
q′RρqA
­
©fi]¤y4s¥jstpr
EA = E
1
A ∪ E
2
A
ry
ER = E
1
R ∪ E
2
R
­Hz|{lpgp~¦i]mO]Ry4h*p~¦
e\τ ∈ ER r EA
­
e ∈ E1R r E
1
A
­ µ]+Zyr]
(qR, e\τ, q
′
R) ∈ T
1
R
­0_gs¥J]
MR1 vD1ρ MA
1 §CjZ4]R{]+]«isvhkj"h
qA ∈ Q
1
A
hwy"ZjZJFj
qRρqA
~y
q′RρqA
­
qA
oO]mqtpr4Mh¨jp
QA = Q
1
A ∪Q
2
A
­
e ∈ E2R r E
2
A
­ /]+Zyr]
(qR, e\τ, q
′
R) ∈ T
2
R
­_gsty]
MR2 vD2ρ MA
2 §CjZy]m{l]0]«isvhkjl]
qA ∈ Q
2
A
hwy"ZjZJFj
qRρqA
~y
q′RρqA
­
qA
oO]mqtpr4Mh¨jp
QA = Q
1
A ∪Q
2
A
­
:4­ .ﬂﬃ 0
 K
4K ﬂﬃ 85 ¡hw44Opxh]
qR 9∈ TR
­
µ]\wyhnj)4{pFr]¬jlZ4]m{l]b]«isvhkj"h
qA ∈ QA
hwylZ¸jZy~j
qRρwqA
~y
qA 9
px{
qR ∈ D14D2
­
©fﬃ4]¤y4s¥jstpr
QR = Q
1
R ∪Q
2
R = (Q
1
R ∩Q
2
R)∪ (Q
1
R r Q
2
R)∪ (Q
1
R r Q
2
R)
­z|{lpgp~¦i]mO]Ry4h
pr¦
qR
­
qR ∈ Q
1
R r Q
2
R
­¸_gsty]
MR1 vD1ρ MA
1 §]ms¥jZ4]R{jZ4]R{]ﬃ]«isvhkj"h qA ∈ Q
1
A
hnwJlZµjZJFj
qA 9
~J
qRρqA
­
qA
oO]mqtpryxh¨jlp
QA
4pr{
qR ∈ D1
ry
qRρqA
­|¬h
qR ∈ Q
1
R r Q
2
R
ry
qR ∈ D1
§
qR ∈ D1 r Q
2
R
­
qR
oO]Rq¥px4xh©jp
D14D2
­
qR ∈ Q
2
R r Q
1
R
­¸_gsty]
MR2 vD2ρ MA
2 §]ms¥jZ4]R{jZ4]R{]ﬃ]«isvhkj"h qA ∈ Q
2
A
hnwJlZµjZJFj
qA 9
~J
qRρqA
­
qA
oO]mqtpryxh¨jlp
QA
4pr{
qR ∈ D2
ry
qRρqA
­|¬h
qR ∈ Q
2
R r Q
1
R
ry
qR ∈ D2
§
qR ∈ D2 r Q
1
R
­
qR
oO]Rq¥px4xh©jp
D14D2
­
qR ∈ Q
1
R ∩ Q
2
R
­ _gsty]
MR1 vD1ρ MA
1 §6jlZ4]m{l]ﬃ]m«gsvhnjlh qA ∈ Q
1
A
hnwJlZµjlZyFj]Rs£jlZ4]m{
qA 9
ry
qRρqA
Ek»¨px{
qRρqA
ry
qR ∈ D1
E=x»º­
ÍìÖ9Ñ®Íìë
 	
 ﬁﬀﬂﬃ "!#
%$&
ﬁ'(
)*+-,&.' ﬀ/.0
)21+345
476859
ﬁ'5 
_is¥ym]
MR2 vD2ρ MA
2 §FjlZ4]m{l]©]m«isthnjlh qA ∈ Q
2
A
hnwJlZ0jZy~jH]ms¥jZ4]R{
qA 9
ry
qRρqA
E%:x»
px{
qRρqA
ry
qR ∈ D2
E
 
»º­
  ¦ Ek»©ry E%:x»º§ijlZ4]m{l]b]«isvhnjlh
qA ∈ Q
1
A ∪Q
2
A
hwy"ZjlZyFj
qA 9
­
  ¦ Ek»©ry E
 
»º§ijlZ4]m{l]b]«isvhnjlh
qA ∈ Q
1
A
hwylZ¸jZy~j
qA 9
­
  ¦ E=x»©ry E%:x»º§ijlZ4]m{l]b]«isvhnjlh
qA ∈ Q
2
A
hwylZ¸jZy~j
qA 9
­
  ¦ E=x»©ry E
 
»º§
qR ∈ D1 ∩D2
I
qR
oO]mqtpr4Mh¨jlp
D14D2
­
  
				


[SR1] vD1ρ [SA
1]
§
[SR2] vD2ρ [SA
2]
~yz|{lprO]R{njkf +st\^4qtf
(SR1, SR2, synR) v
D14D2
ρ
(SA1, SA2, synA)
oMfYZ4]Rpr{l]m\&i­
RD1 = ∅
ry
RD2 = ∅
st\+yq¥f
D14D2 = ∅
­
¬ divτ (SR1, SA1)
~y
¬ divτ (SR2, SA2)
st\^4q¥f
¬ divτ ((SR1, SR2, synR), (SA
1, SA2,
synA))
oMfz|{lprO]R{njkfŁ4­
YZ4]R¸¢¨]Zyr]
(SR1, SR2, synR) vη (SA
1, SA2, synA)
oMfz|{lprO]m{jkf ~­
ÑÑ&Ú.N)OPQP
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
 	
     
ISSN 0249-6399
